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Q-spectrum. In this paper, we prove that all starlike trees whose
maximum degree exceed 4 are determined by their Q-spectra.
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1. Introduction
All graphs considered in this paper are simple undirected graphs. For a graph G, let A(G) be the
adjacency matrix of G, D(G) be the diagonal matrix of vertex degrees of G. The matrices D(G) − A(G)
and D(G) + A(G) are called the Laplacian matrix and the signless Laplacian matrix of G, respectively.
The spectra of the adjacency matrix, Laplacian matrix and signless Laplacian matrix of G are called
the adjacency spectrum, Laplacian spectrum and Q-spectrum of G, respectively. The eigenvalues of A(G)
and D(G) + A(G) are called the A-eigenvalues and the Q-eigenvalues of G, respectively. Since A(G) and
D(G) + A(G) are real symmetric, the A-eigenvalues and Q-eigenvalues of G are all real numbers. The
maximumQ-eigenvalue ofG is called theQ-index ofG, denoted by q(G). A graph is said to be determined
by its spectrum if there is no other non-isomorphic graph with the same spectrum (this spectrummay
be one of the adjacency spectrum, the Laplacian spectrum and the Q-spectrum of the graph).
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In this paper, let Pn, Cn and K1,n−1 denote the path, the cycle and the star of order n, respectively.
Specially, P1 denotes an isolated vertex. A tree is called starlike if it has exactly one vertex of degree
greater than 2. We denote by T(l1, l2, . . . , l) the starlike tree with maximum degree  such that
T(l1, l2, . . . , l) − v = Pl1 ∪ Pl2 ∪ · · · ∪ Pl,
where v is the vertex of degree in the starlike tree, l1, l2, . . . , l are any positive integers. A starlike
tree with maximum degree 3 is called a T-shape tree. For a graph G, the subdivision graph of G, denoted
by S(G), is a graph obtained from G by inserting a vertex in each edge of G. Let φA(G, λ) and φQ (G, λ)
be the characteristic polynomials of the adjacency matrix and the signless Laplacian matrix of G,
respectively.
Which graphs are determined by their spectra is a difficult problem in the theory of graph spectra.
Here we introduce some results about spectral properties of the starlike trees:
(1) In 2002, Lepovic´ and Gutman proved that no two non-isomorphic starlike trees have the same
adjacency spectrum (see [1]).
(2) In 2006,Wang et al. gave all T-shape trees which are determined by their adjacency spectra (see
[2]), and proved that T-shape trees are determined by their Laplacian spectra (see [3]).
(3) In2007,Omidi andTajbakhshproved that starlike trees aredeterminedby their Laplacian spectra
(see [4]).
(4) In 2008, Ghareghani et al. gave a method to construct a graph which has the same adjacency
spectrum with a starlike tree (see [5]).
(5) In 2009, Omidi gave all T-shape trees which are determined by their Q-spectra (see [6]).
(6) In2010,Omidi andVatandoostproved that starlike treeswithmaximumdegree4aredetermined
by their Q-spectra (see [7]).
In this paper, we prove that all starlike trees whose maximum degree exceed 4 are determined by
their Q-spectra.
2. Some lemmas
In order to get our main results in this paper, we give the following lemmas.
Lemma 2.1 [8, p. 47]. The A-eigenvalues of path Pn are 2 cos
π j
n+1 (j = 1, 2, . . . , n).
Lemma 2.2 [8, p. 18]. Let v be a vertex of graph G. Assume that λ1, λ2, . . . , λn and μ1, μ2, . . . , μn−1
are the A-eigenvalues of G and G − v, respectively. And λ1  λ2  · · ·  λn, μ1  μ2  · · ·  μn−1.
Then
λ1  μ1  λ2  μ2 · · ·  μn−1  λn.
Lemma 2.3 [9, Corollary 4.3]. Let G be a graph with n vertices, m edges, t triangles and vertex degrees
d1, d2, . . . , dn. Assume that q1, q2, . . . , qn are the Q-eigenvalues of G. Let Tk = ∑ni=1 qki , then
T0 = n, T1 =
n∑
i=1
di = 2m, T2 = 2m +
n∑
i=1
d2i , T3 = 6t + 3
n∑
i=1
d2i +
n∑
i=1
d3i .
Lemma2.4 [9, Proposition2.3]. Inbipartite graphs, the characteristic polynomials of the signless Laplacian
matrix and the Laplacian matrix are the same polynomial.
Lemma 2.5 [9, Proposition 2.1]. The least Q-eigenvalue of a connected graph is equal to 0 if and only if
the graph is bipartite. In this case 0 is a simple eigenvalue.
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Lemma 2.6 [9, Corollary 2.2]. For a graph, the multiplicity of the Q-eigenvalue 0 is equal to the number
of bipartite components in the graph.
The following lemma presents a necessary and sufficient condition for divisibility of the charac-
teristic polynomial of the adjacency matrix of a starlike tree by the characteristic polynomial of the
adjacency matrix of a path.
Lemma 2.7 [5, Theorem 6]. Let G = T(l1, l2, . . . , l). For a path Pn, φA(Pn, λ)|φA(G, λ) if and only if
(without loss of generality) one of the following holds:
(i) l1, l2 ≡ −1mod (n + 1)
(ii) l1 + l2 ≡ −2mod (n + 1) and l3, l4, . . . , l ≡ 0mod (n + 1).
Lemma 2.8 [8, p. 40]. Let G be a graph of order n and size m, S(G) be the subdivision graph of G. Then
φA(S(G), λ) = λm−nφQ (G, λ2).
Lemma 2.9 [8, p. 38]. Let G be a graph of order n and size m, L(G) be the line graph of G. Then
φA(L(G), λ) = (λ + 2)m−nφQ (G, λ + 2).
A connected graph with n vertices is said to be unicyclic if it has n edges. Obviously an unicyclic
graph contains a unique cycle. If the length of this cycle is odd, then the unicyclic graph is said to be
odd unicyclic.
Lemma 2.10 [8, p. 221]. Let G be a connected graph of size m, L(G) be the line graph of G. The following
statements hold:
(i) If G is odd unicyclic, then φA(L(G),−2) = (−1)m4.
(ii) If G is a tree, then φA(L(G),−2) = (−1)m(m + 1).
(iii) If G is neither odd unicyclic nor a tree, then φA(L(G),−2) = 0.
Lemma 2.11 [10, Lemma 2.6]. Let G be a graph with vertex set {v1, v2, . . . , vn} and edge set E(G). Let
q(G) be the Q-index of G, d(vi) be the degree of vi(i = 1, 2, . . . , n):
(i) min{d(vi) + d(vj)|vivj ∈ E(G)}  q(G)  max{d(vi) + d(vj)|vivj ∈ E(G)}.
If G is connected, then equality holds in either of these inequalities if and only if G is regular or
semiregular bipartite.
(ii) If G is a connected graph of order n > 1 and the maximum degree of G is , then q(G)   + 1
with equality if and only if G is the star K1,n−1.
Lemma 2.12 [9, Proposition 6.1]. Let q(G) be the Q-index of graph G, then
(i) q(G) = 0 if and only if G has no edges;
(ii) 0 < q(G) < 4 if and only if all components of G are paths;
(iii) For a connected graph G, we have q(G) = 4 if and only if G is a cycle Cn or star K1,3.
Lemma 2.13 [10, Lemma 2.2]. Let H be a proper subgraph of a connected graph G. Let q(G) and q(H) be
the Q-indices of G and H, respectively. Then q(H) < q(G).
For a sequence of (not necessarily different) vertices v0v1 · · · vk in graph G, if vi−1 is adjacent to
vi(i = 1, 2, . . . , k), then v0v1 · · · vk is called a walk of length k in G. The walk is closed if
v0 = vk .
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Hoffman and Smith gave a definition of an internal path in a graph (see [11]). Let d(v) be the
degree of vertex v in a graph G. For a walk v0v1 · · · vk in G, where v1, v2, . . . , vk are distinct, k  1,
if d(v0) > 2, d(vk) > 2 and d(vi) = 2 (i = 1, . . . , k − 1), then v0v1 · · · vk is called an internal path
in G.
Lemma 2.14 [10, Theorem 2.1]. Let uv be any edge of a connected graph G, Guv be the graph obtained
from G by subdividing the edge uv of G (insert a vertex in uv). Let q(G) and q(Guv) be the Q-indices of G
and Guv, respectively. The following statements hold:
(i) If G = Cn, then q(Guv) = q(G) = 4.
(ii) If G = Cn and uv is not in an internal path of G, then q(Guv) > q(G).
(iii) If uv is in an internal path of G, then q(Guv) < q(G).
Lemma 2.15 [8, p. 52]. Assume that λ1, λ2, . . . , λn are the A-eigenvalues of a graph G, then the number
of closed walks of length k in G is
∑n
i=1 λki .
Lemma 2.16 [4, Theorem 3]. Let G be a starlike tree, then G is determined by its Laplacian spectrum.
3. Main results
Theorem 3.1. Let G = T(l1, l2, . . . , l). For a path Pn (n > 1), φQ (Pn, λ)|φQ (G, λ) if and only if
(without loss of generality)
l1 + l2 ≡ −1mod n, l3, l4, . . . , l ≡ 0mod n.
Proof. If φQ (Pn, λ)|φQ (G, λ), then there exists a polynomial f (λ) such that φQ (G, λ) = φQ (Pn, λ)
f (λ). By Lemma 2.8 we can get
φA(S(G), λ) = λ−1φQ (G, λ2) = λ−1φQ (Pn, λ2)f (λ2),
φA(P2n−1, λ) = φA(S(Pn), λ) = λ−1φQ (Pn, λ2),
φA(S(G), λ) = φA(P2n−1, λ)f (λ2).
So φA(P2n−1, λ)|φA(S(G), λ). Because of S(G) = T(2l1, 2l2, . . . , 2l), applying Lemma 2.7 we know
that one of the following holds:
(i) 2l1, 2l2 ≡ −1mod 2n,
(ii) 2l1 + 2l2 ≡ −2mod 2n and 2l3, 2l4, . . . , 2l ≡ 0mod 2n.
Since 2l1, 2l2 are even, (i) can not hold, (ii) must hold. So we have
l1 + l2 ≡ −1mod n, l3, l4, . . . , l ≡ 0mod n.
If l1 + l2 ≡ −1mod n and l3, l4, . . . , l ≡ 0mod n, then
2l1 + 2l2 ≡ −2mod 2n, 2l3, 2l4, . . . , 2l ≡ 0mod 2n.
By Lemma2.7wehaveφA(P2n−1, λ)|φA(S(G), λ). So there exists a polynomial g(λ) such thatφA(S(G),
λ) = φA(P2n−1, λ)g(λ). By Lemma 2.8 we have
φA(S(G), λ) = λ−1φQ (G, λ2) = φA(P2n−1, λ)g(λ),
φA(P2n−1, λ) = φA(S(Pn), λ) = λ−1φQ (Pn, λ2),
φQ (G, λ
2) = φQ (Pn, λ2)g(λ).
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So φQ (Pn, λ)|φQ (G, λ). 
Omidi gave all starlike trees withmaximum degree 3which are determined by their Q-spectra (see
[6]), and Omidi and Vatandoost proved that starlike trees with maximum degree 4 are determined by
their Q-spectra (see [7]). We give a new result about starlike trees whose maximum degree exceed 4
as follow.
Theorem 3.2. Let G = T(l1, l2, . . . , l) (  5), then G is determined by its Q-spectrum.
Proof. LetH be any graphwhich has the sameQ-spectrumwith G. Let n = l1+ l2+· · ·+ l +1, from
Lemma 2.3, we know that G and H both have n vertices and n − 1 edges. If H is connected, then H is a
tree. In this case G andH are both bipartite. By Lemma 2.4, G andH have the same Laplacian spectrum.
Applying Lemma 2.16 we can get G = H. Next we only consider the case thatH is not connected. Since
H has n vertices and n−1 edges,H has at least one component which is a tree. By Lemma 2.5, the least
Q-eigenvalues ofG andH are both 0, and 0 is a simple eigenvalue. From Lemma 2.6we know thatH has
exactly one bipartite component, so one component of H is a tree, the other components of H are odd
unicyclic. Assume that q1, q2, . . . , qn are the Q-eigenvalues of G and H and q1  q2  · · ·  qn = 0.
By Lemma 2.8, the A-eigenvalues of the subdivision graph S(G) and the subdivision graph S(H) are
both
√
q1,
√
q2, . . . ,
√
qn−1, 0,−√qn−1,−√qn−2, . . . ,−√q1.
Let v be the vertex of degree  in S(G). By S(G) = T(2l1, 2l2, . . . , 2l) we can get
S(G) − v = P2l1 ∪ P2l2 ∪ · · · ∪ P2l.
φA(S(G) − v, λ) = φA(P2l1 , λ)φA(P2l2 , λ) · · ·φA(P2l, λ).
By Lemma 2.1, the largest A-eigenvalue of S(G) − v is less than 2. From Lemma 2.2 we can get
√
q2 < 2, q2 < 4.
Because of themaximumdegree ofG is and  5, applying Lemma2.11we can get q(G) = q(H) =
q1   + 1  6. The Q-index of H is larger than 4, the other Q-eigenvalues of H are less than 4. So H
has exactly one component whose Q-index is larger than 4, the Q-indices of the other components of
H are less than 4. By Lemma 2.12, the component whose Q-index are less than 4 of H is a path, and any
component of H is not a cycle. From Lemma 2.13 we know that the Q-index of an odd unicyclic graph
which is not a cycle is larger than 4. Because of one component ofH is a tree and the other components
of H are odd unicyclic, so H has two components, one is a path, the other is an odd unicyclic graph
(this odd unicyclic graph can not be a cycle). So we can let H = Pf ∪ N, where Pf is a path of order f ,
N is an odd unicyclic graph whose maximum degree is larger than 2. From Lemma 2.9 we know that
the line graphs of G and H have the same adjacency spectrum, i.e.
φA(L(G), λ) = φA(L(H), λ) = φA(L(Pf ), λ)φA(L(N), λ).
By G and H both have n − 1 edges, N has n − f edges, applying Lemma 2.10 we can get
φA(L(G),−2) = (−1)n−1n,
φA(L(Pf ),−2)φA(L(N),−2) = [(−1)f−1f ][(−1)n−f 4] = (−1)n−14f .
By φA(L(G), λ) = φA(L(Pf ), λ)φA(L(N), λ) we can get
n = l1 + l2 + · · · + l + 1 = 4f . (1)
SinceG andH=Pf ∪N has the sameQ-spectrum,φQ (G, λ) = φQ (Pf , λ)φQ (N, λ),φQ (Pf , λ)|φQ (G, λ).
From Theorem 3.1 we have
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l1 + l2 ≡ −1mod f , l3, l4, . . . , l ≡ 0mod f .
So we can let l1 + l2 = k1f − 1, l3 = k3f , l4 = k4f , . . . , l = kf , where k1, k3, k4, . . . , k are
positive integers. From Eq. (1) we have
(k1 + k3 + k4 + · · · + k)f = 4f , k1 + k3 + k4 + · · · + k = 4.
For > 5, k1 + k3 + k4 + · · ·+ k > 4, a contradiction. So G is determined by its Q-spectrum for
 > 5. When  = 5, k1 = k3 = k4 = k5 = 1. In this case, G = T(l1, l2, f , f , f ) and l1 + l2 = f − 1.
G and H both have 4f vertices. Obviously f  3, l1 < f , l2 < f . Without loss of generality, we suppose
l1  l2 < f .
Becauseof themaximumdegreeofG is 5, applying Lemma2.11weknowthat 6 < q(G) = q(H) < 7
and 3 < (H) < 6, where(H) is the maximum degree of H. Because of H = Pf ∪ N and(N) > 2,
where(N) is themaximumdegree ofN, so(H) = (N). Since(N) can only be 4 or 5,we consider
the following two cases.
Case 1. The maximum degree of N is 4.
SupposeN has t triangles. Assume that there are ai vertices of degree i(i = 1, 2, 3, 4) inN. Because
of Pf ∪ N has the same Q-spectrum with G = T(l1, l2, f , f , f ) and l1 + l2 = f − 1, applying Lemma
2.3 we can get
⎧⎪⎪⎪⎨
⎪⎪⎪⎩
a1 + a2 + a3 + a4 + f = 4f ,
a1 + 2a2 + 3a3 + 4a4 + 2(f − 1) = 2(4f − 1),
a1 + 4a2 + 9a3 + 16a4 + 4f − 6 = 16f + 6.
(2)
By (2), a1 = 6 − a4, a2 = 3f + 3a4 − 12, a3 = 6 − 3a4. By a3  0, a4  1 we get 1  a4  2.
If a4 = 1, then a3 = 3, a2 = 3f − 9, a1 = 5. From Lemma 2.3 we can get
43 + 33 × 3 + 23(3f − 9) + 5 + 23(f − 2) + 2 + 6t = 53 + 23(4f − 6) + 5, t = 3.
Since N is odd unicyclic and t is the number of triangles in N, t  1, a contradiction.
If a4 = 2, then a3 = 0, a2 = 3f − 6, a1 = 4. From Lemma 2.3 we can get
43 × 2 + 23(3f − 6) + 4 + 23(f − 2) + 2 + 6t = 53 + 23(4f − 6) + 5, t = 2.
Since N is odd unicyclic, t  1, a contradiction.
Case 2. The maximum degree of N is 5.
Assume that d1, d2, d3, . . . , d4f is the degree sequence of H = Pf ∪ N, where d1 = 5. Because of
H has the same Q-spectrum with G = T(l1, l2, f , f , f ) and l1 + l2 = f − 1, applying Lemma 2.3 we
can get
4f∑
i=2
di = 2 + 2 + · · · + 2︸ ︷︷ ︸
4f−6
+1 + 1 + 1 + 1 + 1,
4f∑
i=2
d2i = 22 + 22 + · · · + 22︸ ︷︷ ︸
4f−6
+12 + 12 + 12 + 12 + 12.
Since
∑4f
i=2 d2i is minimal if and only if |di − dj|  1 for any i, j ∈ {2, 3, . . . , 4f }, the degree
sequences of G and H are both
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Fig. 1. N = N(n1, n2, n3, g).
5, 2, 2, . . . , 2︸ ︷︷ ︸
4f−6
, 1, 1, 1, 1, 1.
SinceH = Pf ∪N, the degree sequence ofN is 5, 2, 2, . . . , 2︸ ︷︷ ︸
3f−4
, 1, 1, 1. Sowe can letN = N(n1, n2, n3, g)
(see Fig. 1), where g is odd and n1 + n2 + n3 + g = 4f − f = 3f .
By Lemma 2.8, the subdivision graph S(G) and the subdivision graph S(H) have the same adja-
cency spectrum, i.e. φA(S(G), λ) = φA(S(H), λ). Let v be the vertex of degree 5 in S(G). By S(G) =
T(2l1, 2l2, 2f , 2f , 2f ) we can get
S(G) − v = P2l1 ∪ P2l2 ∪ P2f ∪ P2f ∪ P2f ,
φA(S(G) − v, λ) = φA(P2l1 , λ)φA(P2l2 , λ)[φA(P2f , λ)]3.
From Lemma 2.2 we can get
[φA(P2f , λ)]2|φA(S(G), λ), [φA(P2f , λ)]2|φA(S(H), λ).
Since H = Pf ∪ N, S(H) = P2f−1 ∪ S(N), where S(N) = N(2n1, 2n2, 2n3, 2g) (see Fig. 2) is the
subdivision graph of N. So we have
[φA(P2f , λ)]2|φA(P2f−1, λ)φA(S(N), λ).
By Lemma 2.1, we know that the greatest common divisor of φA(P2f−1, λ) and φA(P2f , λ) is 1. So
[φA(P2f , λ)]2|φA(S(N), λ).
Let u be any vertex of cycle C2g in S(N) which is not adjacent to the maximum degree vertex of
S(N). From Lemma 2.2 we can get
φA(P2f , λ)|φA(S(N) − u, λ).
Since S(N)−u is a starlike tree,wecan let S(N)−u = T(2n1, 2n2, 2n3, n4, n5),wheren4+n5 = 2g−2.
By Lemma 2.7 we know that one of the following holds:
150 C. Bu, J. Zhou / Linear Algebra and its Applications 436 (2012) 143–151
Fig. 2. S(N) = N(2n1, 2n2, 2n3, 2g).
(I) m1,m2 ≡ −1mod (2f + 1),
(II) m1 + m2 ≡ −2mod (2f + 1) andm3,m4, . . . ,m ≡ 0mod (2f + 1),
wherem1,m2,m3,m4,m5 are positive integer, the set {m1,m2,m3,m4,m5} and the set {2n1, 2n2,
2n3, n4, n5} is the same set. By n1 + n2 + n3 + g = 3f and n4 + n5 = 2g − 2 we can get
m1 + m2 + m3 + m4 + m5 = 2n1 + 2n2 + 2n3 + n4 + n5 = 6f − 2.
If (II) holds, letm1+m2 = p1(2f+1)−2,m3 = p3(2f+1),m4 = p4(2f+1),m5 = p5(2f+1), where
p1, p3, p4, p5 are positive integers, thenm1+m2+m3+m4+m5  2f +1−2+3(2f +1) = 8f +2,
a contradiction tom1 + m2 + m3 + m4 + m5 = 6f − 2. So (I) holds.
Since (I) holds for any two positive integers n4, n5 which satisfy n4 + n5 = 2g − 2, m1,m2 ∈{2n1, 2n2, 2n3}. Let m1 = r1(2f + 1) − 1,m2 = r2(2f + 1) − 1, where r1, r2 are positive integers.
Since m1,m2 ∈ {2n1, 2n2, 2n3} are even, r1, r2 are odd. By m1 + m2 + m3 + m4 + m5 = 6f − 2
we can get r1 = r2 = 1. So m1 = m2 = 2f , there are at least two f in {n1, n2, n3}. Without loss
of generality, assume that n1  n2  n3. By n1 + n2 + n3 + g = 3f we can get n2 = n3 = f .
Recall, G = T(l1, l2, f , f , f )(l1  l2 < f ). If n1  l1, we can construct a graph N˜ obtained from N
by subdividing edges of cycle Cg in N such that G is a proper subgraph of N˜. By Lemmas 2.14 and 2.13
we know that the Q-index of N is larger than the Q-index of G. But G and H = Pf ∪ N have the same
Q-spectrum, a contradiction. So n1 < l1.
For a graph B, LetMB(K) be the number of subgraphs of B which are isomorphic to graph K ,MB(i)
be the number of closed walks of length i in B. Let M∗K(i) be the number of closed walks of length i
of graph K which contains all edges of graph K , Ki(B) be the set of all connected graphs K such that
M∗K(i) = 0 and K is a subgraph of B. Then:
MB(i) =
∑
K∈Ki(B)
MB(K)M
∗
K(i). (3)
From Lemma 2.9 we know that the line graph L(G) and the line graph L(H) have the same adjacency
spectrum. By Lemma 2.15 we can get
ML(G)(i) = ML(H)(i),
where i is any positive integer.
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If
g−1
2
 n1 < l1, then Kg(L(H)) = Kg(L(G)) ∪ {Cg}. For any K ∈ Kg(L(G)),ML(H)(K) = ML(G)(K).
From Eq. (3) we can getML(H)(g) > ML(G)(g), a contradiction toML(H)(g) = ML(G)(g).
If n1 <
g−3
2
, thenK2n1+3(L(H)) = K2n1+3(L(G)),ML(G)(K(1, 1, n1+1)) > ML(H)(K(1, 1, n1+1)),
whereK(1, 1, n1+1) is the line graph of starlike tree T(1, 1, n1+1). For anyK ∈ K2n1+3(L(H)), ifK =
K(1, 1, n1+1), thenML(H)(K) = ML(G)(K). From Eq. (3) we can getML(G)(2n1+3) > ML(H)(2n1+3),
a contradiction toML(G)(2n1 + 3) = ML(H)(2n1 + 3). So g−32  n1 < g−12 .
Since g is odd, n1 = g−32 . In this case Kg(L(H)) = Kg(L(G)) ∪ {Cg}. For any positive integer x, we
have M∗K(1,1,x)(2x + 1) = M∗C2x+1(2x + 1) = 4x + 2, where K(1, 1, x) is the line graph of starlike
tree T(1, 1, x), C2x+1 is a cycle of order 2x + 1. For any K ∈ Kg(L(G)), if K = K(1, 1, g−12 ), then
ML(G)(K) = ML(H)(K) and ML(G)(K(1, 1, g−12 )) = ML(H)(K(1, 1, g−12 )) + 6. From Eq. (3) we can get
ML(H)(g) < ML(G)(g), a contradiction to ML(H)(g) = ML(G)(g). So G is determined by its Q-spectrum
when  = 5.
Summarize all situations above, the starlike tree T(l1, l2, . . . , l) is determined by its Q-spectrum
for   5. 
In [6], Omidi proved that a starlike treeG = T(l1, l2, l3) is determined by its Q-spectrum if and only
if G = T(f , f , 2f − 1) for any positive integer f . In [7], Omidi and Vatandoost proved that all starlike
trees withmaximum degree 4 are determine by their Q-spectrum. By the results of [6,7] and Theorem
3.2 in this paper, we get the following theorem.
Theorem 3.3. Let G be a starlike tree, then G is determined by its Q-spectrum if and only if G = T(f , f ,
2f − 1) for any positive integer f .
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